




Problem:

LINEAR PROGRAM 1 WORKED EXAMPLE

Maximize f = 5xl - 2x2 + x3 (objective function)

subject to 7xl - 2x2 + x3 S: 8
-xl + 3x2 + 2x3 <: 4

3xl + x2 + 6x3 <: 6
3 constraints

NUMBER OF OBJECTIVE FUNCTION VARIABLES? 3
OBJECTIVE FUNCTION COEFFICIENTS? F = 5 Xl + -2 X2 + 1 X3
NUMBER OF CONSTRAINTS? 3
CONSTRAINT COEFFICIENT AND CONSTANT
ENTER CONSTANT FOR CONSTRAINT l? 8
ENTER CONSTRAINT FUNCTION

7 Xl + -2 X2 + 1 X3 <. =8
ENTER CONSTANT FOR CONSTRAINT 2? 4
ENTER CONSTRAINT FUNCTION

-1 Xl + 3 X2 + 2 X3 < =4
ENTER CONSTANT FOR CONSTRAINT 3? 6
ENTER CONSTRAINT FUNCTION

3 Xl + 1 X2 + 6 X3 <: =6
ENTER PRINTER OR SCREEN WIDTH? 40
TABLEA U NUMBER 1
SECTION 1

1 2 3

SECTION

SECTION

-7.000 -2.000
-1.000 3.000

3.000 1.000
-5.000 2.000

2
4 5

1.000 0.000
0.000 1.000
0.000 0.000
0.000 0.000

3
7

1.000
2.000
6.000

-1.000

6

0.000
0.000
1.000
0.000

8.000
4.000
6.000
0.000

DO YOU WANT A NEW TABLEAU? Y
ENTER PIVOT COLUMN NUMBER 1
ENTER PIVOT ROW NUMBER 1
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1"""""----- LINEAR PROGRAM 1 WORKED EXAMPLE (Page 2) ---__.....

T ABLEA U NUMBER 2 (not shown)

DO YOU WANT A NEW TABLEAU? Y

ENTER PIVOT COLUMN NUMBER 3
ENTER PIVOT ROW NUMBER 3

TABLEAU NUMBER 3

SECTION 1

SECTION 2

SECTION 3

1
1.000
0.000
0.000
0.000

4
.153
.307

-.076
.692

7
1.076
4.153
.461

5.864

2
-.333
2.000

.333

.666

5
0.000
1.000
0.000
0.000

3
0.000
0.000
1.000
0.000

6
-.025
-.384

.179

.051

INTERPRETATION OF RESULTS

f = 5.864, xl = 1.076, x2 = 0, x3 = .461
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LINEAR PROGRAM 1 APPLICATIONS

A frozen food company processes potatoes into packages of French fries, hash
browns, and flakes (for mashed potatoes). The raw potatoes are sorted by si7.e
and quality, and allocated to the three product lines.

The company buys the potatoes from two sources, which differ in sizes and quality.
The table below shows the percentages of each source used for each product.

Product Source 1 Source 2

French fries 20% 30%

Hash browns 20% 10%

Flakes 30% 30%

(Waste) (30%) (30%)

Suppose that the relative profit from the two sources is 5 and 6 respectively,
and that the maximum number of each product that the company can sell is 1.8
(million pounds) of French fries, 1.2 (million pounds) of hash browns, and 2.4
(million pounds) of flakes.

The table below summarizes this information.

Product Source 1 Source 2
Sales
Limits

French fries .2 .3 1.8

Hash browns .2 .1 1.2

Flakes .3 .3 2.4

Relative 5 6
Profit

We wish to maximize the profit,

subject to
.2xl + .3x2 <: 1.8
.2xl + .lx2 «.; 1.2
.3x1 + .3x2 <;; 2.4

Use LINEAR PROGRAM 1 to find the optimal solution.
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LINEAR PROGRAM 1 ANSWERS

Initial Tableau

.2 .3 1 0 0 1.8

.2 .1 0 1 0 1.2

.3 .3 0 0 1 2.4
-5 -6 0 0 0 0

Pivot column 2, Pivot row 1.

Tableau Number 2

.666 1 3.333 0 0 6

.133 0 -3.333 1 0 .6

.100 0 -1 0 1 .6
-1 0 20 0 0 36

Pivot column 1, Pivot row 2,

Tableau Number 3 (Final Tableau)

0 1 5 -5 0 3
1 0 -2.5 7.5 0 4.5
0 0 - .75 - .75 1 .15
0 0 17.5 7.5 0 40.5

Maximum profit is 40.5, when Xl = 4.S and x2 = 3

4.5

G
ANSWER KEY
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OBJECTIVE FUNCTION COEFFICIENTS

LINEAR PROGRAMl

SAMPLE RUNS

F = 5 Xi -2 >~2 + 1~~~3

The user enters the
coefficients of the
objective function,
pressing the space bar
after each coefficient is
entered.

EXAMPLES OF SCREEN OUTPUT

ENTER CONSTRAINT FUNCTION

CONSTRRINT COEFFICIENTS AND

! :=-=: 1 -2 X2 + 1 ~~ <= 8

PRESS ~~~~~~~~ TO CONTINUE
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Enter the
constraints,
the first
constant
coefficients
constraint.
this process
constraint.

number of
then enter

constraint
and the
of the first

Continue
for each



LINEAR PROGRAM 1

SAMPLE RUNS

TABLEAU t-lUt'1BER 1

SECT I Or"1 1
1

1:000
0:000
0:000

0=000

2

0=000

The first tableau is
printed in a form that
matches the width of
your screen or printer.

PRESS ~~~~~~~~ TO CONTINUE

EXAMPLES OF SCREEN OUTPUT

ENTER PIVOT COLUMN NUMBER? 1

ENTER PIVOT ROW NUMBER? 2

145

The user then can create
a new tableau by
specifying the pivot
column and pivot row.



LINEAR PROGRAM 2

SIMPLEX METHOD OF SOLVING LINEAR PROGRAMS-------------

Specific Topic:

Type:

Reading Level:

Grade Level:

DESCRIPTION......

Finite mathematics, linear algebra, operations research

Problem Solving

9-10 (Dale-Chall)

Higher Education

LINEAR PROGRAM 2 will solve linear programs of the type

maximize F = CX

subject to AX::: B, B :> 0, X :::> 0

The program uses the simplex method and automatically selects the pivot row
and pivot column necessary to compute the solution.

OBJECTIVES......

1. to solve a linear program in standard form by the simplex method.

2. to solve a linear program whose dual is in standard form by the
simplex method.
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LINEAR PROGRAM 2

BACKGROUND INFORMATION•••

The Mathematical Method

The standard form of a linear program is to maximize an objective function

where b> 0 and xi:=: 0 for all i. In matrix form this becomes: maximize F

= CX subject to AX <:: B, X:=: 0, and B> O. The simplex method converts

these inequalities to equalities using slack variables. The system of

inequalities becomes in matrix form:

[A ~[Xy]= B

where I is an identity matrix and Y the matrix of slack variables.

The matrix [A I B]
-C 0 0

is called the initial tableau.

For example, if the objective function is f = 2x1 + 3x2

with constraints xl + 4x2:::: 7 and 2x1 + x2::: 5, then the initial tableau is

1

2

-2

x2

4

1

-3

Y1

1

o

o

147

Y2

o

1

o

7

5

o



LINEAR PROGRAM 2

BACKGROUND INFORMATION (Continued)......

The first two rows represent a system of two equations in 4 unknowns
which has an infinite number of solutions. The obvious one from the
tableau is (0,0,7,5) for which f = 0.

The simplex method searches that solution set for a solution gIVIng the
maximum value for f. The value of f is found in the last row, last column
of the tableau.

See any finite mathematics text for steps of the simplex method.

The Computer Method

The user en ters

1. the number of variables in the objective function
2. the coefficients of the variables in the objective function
3. the number of constraints
4. the coefficients of the variables (objective function) and the

constants for each constraint. Note: Do not enter the slack variable
coe fficients.

The user also enters the character width of the screen or printer receiving
the output. Each column of the tableau requires a 12 character width.
If the monitor or printer is used with a width insufficient to print the
tableau as a single matrix, the program will print the tableau in sections.
After each section is printed the user must press the Space Bar to have
the program continue and print the next section. This controlled pause
allows the user to copy anything from the tableau that is needed before
it scrolls off the screen.

The program will set up the slack variable part of the tableau and print
the tableau.

Notice that in this program, the user does not specify the pivot column
and pivot row, as is required in LINEAR PROGRAM 1.
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LINEAR PROGRAM 2

USE IN AN INSTRUCTIONAL SET'.lNG...

Preparation

The studen t should be familiar with the steps of the simplex method. The
program LINEAR PROGRAM 1 should provide such experience.

Using the Program

This program allows the student to apply the simplex method to problems
in standard form and to study problems whose dual is in standard form.
The student can then concentrate on problem solving using linear programs,
rather than arithmetic or matrix operations.

It is useful to have a printer connected to the computer when using this
program.
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LINEAR PROGRAM 2 INSTRUCTIONS -------......

LINEAR PROGRAM2 will solve small maximum type linear programs that are
written in standard form. Le., programs of the type

maximize: F = ex

subject to: AX < :: B, X > = 0 AND B :> 0 (in matrix form)

Step 1

Step 2

Step 3

Step 4

Enter the number of variables in the objective function F,

Enter the coefficients for the x variables in the objective function

Enter the number of constraints in AX < =B

For each constraint, enter the constant and the coefficients (including
zeros) of the constraint function.

The x '7 = 0 constraints are not entered.

The program will next print the first tableau in sections dependent on the width
of your printer or screen. The objective function is listed with the negatives of
the coefficients in the bottom row. The value of f is found in the bottom row
last column. The program will then determine and print the final tableau using
the simplex method.
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LINEAR PROGRAM 2 WORKED EXAMPLE

Problem: maximize

subject to 4x1 + 3x2 + 9x3 < = 160
3xl + 4x2 + x3 <: = 50
2x1 + 4x2 + 3x3 <: = 50

NUMBER OF OBJECTIVE FUNCTION VARIABLES? 3
OBJECTIVE FUNCTION COEFFICIENTS? F = 1 Xl + 1.2 X2 + 1.5 X3
NUMBER OF CONSTRAINTS? 3
CONSTRAINT COEFFICIENTS AND CONSTRAINTS
ENTER CONSTANT FOR CONSTRAINT 1? 160
ENTER CONSTRAINT FUNCTION
4 Xl + 3 X2 + 9 X3 < = 160

ENTER CONSTANT FOR CONSTRAINT 2? 50
ENTER CONSTRAINT FUNCTION
3 Xl + 4 X2 + 1 X3 < = 50

ENTER CONSTANT FOR CONSTRAINT 3? 50
ENTER CONSTRAINT FUNCTION
2 Xl + 4 X2 + 3 X3 < = 50

ENTER PRINTER OR SCREEN WIDTH ? 40
TABLEAU NUMBER 1

SECTION

SECTION

SECTION

1 2 3
1

4.000 3.000 9.000
3.000 4.000 1.000
2.000 4.000 3.000

-1.000 -1.250 -1.500

2
4 5 6

1.000 0.000 0.000
0.000 1.000 0.000
0.000 0.000 1.000
0.000 0.000 0.000

3
7

160.000
50.000
50.000

0.000
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~------LINEAR PROGRAM 2 WORKED EXAMPLE (Page 2)-----""'11

TABLEAU NUMBER 2

SECTION 1

1
-2.000
2.333
.666
0.000

SECTION 2

4
1.000
0.000
0.000
0.000

SECTION 3
7
10.000
33.333
16.666
25.000

2
-9.000
2.666
1.333
.800

5
0.000
1. 000
0.000
0.000

3
0.000
0.000
1.000
0.000

6
-3.000
-.333
.333
.500

INTERPRETATION OF RESULTS

The value of f is 25; x1=0, x2=0 and x3=.333
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LINEAR PROGRAM 2 APPLICATIONS -------"""""11
Suppose you have two assembly lines manufacturing three different items.

Type one items require 5 hours work on line 1 and 4 hours. on line 2.
Type two items need 10 hours on line 2 only.
Type three items need 8 hours on line 1 only.

Your profit is as follows:

Type one items
Type two items
Type three items

$100 each
$500 each
$700 each

The assembly lines can run only 40 hours per week and the number of items made
cannot be negative.

How should you run the assembly line to maximize your profit?

Let Xl = number of type one items
X2 = number of type two items
X3 = number of type three items

Then Xl "> 0, X2 > 0, X3 > 0

5 * Xl + 8 * X3 < 40 for line 1
4 * Xl + 10 * X2 < 40 for line 2

We will maximize

P = 100 * Xl + 500 * X2 + 700 * X3.

5 * Xl + 0 * X2 + 8 * X3 < 40
4 * Xl + 10 * X2 + 0 * X3 < 40

Use LINEAR PROGRAM 1 or 2 to find the solution.
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ANSWER KEY
LINEAR PROGRAM 2 ANSWERS

Maximize F = 100xl f- SOOx2 f- 'lOOx:l

Subjeet to 5 xl + 8 x3 <: 40
4 xl + 10 x2 <: 40

Initia1 Tableau

5
4

-100

o 8
10 0

-500 -700

1
o
o

o
1
o

40
40
o

Final Tableau

.625

.4
537.5

o
1
o

1 .125
o 0
o 87.5

o 5
.1 4

50 5500

The maximum profit is $55 00, obtained wh~n produeing 0 type one items,
5 type two items, and 4 type three items.
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LINEAR PROGRAM 2

OBJECTIVE FUNCTION COEFFICIENTS

F = 1 Xl + 1.2 X2 + 1.5~3

SAMPLE RUNS

enters the
of objective
variables and

coefficients,
the space bar
entries.

The user
number
function
their
pressing
between

EXAMPLES OF SCREEN OUTPUT

CONSTRAINT COEFFICIENTS AND CONSTANT

ENTER CONSTRAINT FUNCTION
4 Xl + 3 X2 + 9 X3 <= 160

The user enters the
constant and then the
coefficients for each of
the constraint in­
equalities.
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TFI8L.ERU HUt18ER 1

SECT Im·{ 1
1 or;.

oj

LINEAR PROGRAM2

SAMPLE RUNS

4.000
3. 00~]
2.0fi0

--1 = ~300

0=000

3n 0~30
4.000
4.0fi0

:5

0=000

--1% 5[10 Tableau number 1 is
printed in a format
appropriate to the user's
prin ter or screen width.

PRESS ~~~~~~~~ TO CONTINUE

EXAMPLES OF SCREEN OUTPUT

5

-:212
=574­

-=127

Next the final tableau is
automatically computed
and printed.
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Appendix A

GETTING TO KNOW YOUR APPLE

FLOPPY DISKETTE:

DISK DRIVE:

MONITOR OR
TELEVISIO N:

Equipment

A 5! inch 'record' that contains a series
of computer programs.

A box unit that selects the program or
data of your choice, displays the available
list of programs on the diskette, and saves
or deletes programs on the diskette.

Either a monitor or a television set can
be used to display the information.

APPLE Keyboard

The APPLE keyboard looks much like the keyboard of a regular typewriter as far as
placement of letters and numbers. A few of the special keys are noted below:

SHIFT:

RESET:

Shift key - located in the lower left or right-hand corner of
the keyboard. When looking at the keys, you will notice two
symbols on some keys. If you press the key, you will print
the lower symbol. If you press the "SHIFT" button and a
key, you will print the top symbol. For example: If you
hold down the "SHIFT" key while you press the semicolon
(;), you will get the plus (+) symbol printed.

Reset key - located in the upper right-hand corner. Press
this key if something goes wrong or in order to work with
a different diskette.
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A-page 2

CTRL:

RETURN:

SPACE BAR:

BACKSPACE:

POWER:

Control key - loca.ted on the left side of the keyboard. In
some of the instructions to the computer, you must hold the
"CONTROL" button down while pressing another key. For
example, the notation "CONTROL" C will be used which
means to hold the "CONTROL" key down and press the "C"
key simultaneously.

Control characters do not appear on the screen.

Return key - located below the "RESET" key. When you are
finished typing a line, you normally press this key. In this
manual, when you are to press the "RETURN" key, it will
be noted by "RETURN".

The space bar is the long rectangular key at the bottom of
the keyboard. On most programs, you will see at the bottom
of the screen - PRESS SPACE BAR TO CONTINUE. At that
point you would use the space bar key. In general, use the
return key after you type information into the computer.
Use the space bar to proceed from one screen to a.nother.

Backse,ace key - located under the "REPT" key. The" "
key will. be used to erase mistakes. Each time you press the
" If key, the flashing white square called the "cursor" will
move ba.ck one- spa.ce. To correct mistakes, press the " "
until you locate the mistake, make the correction, and
continue typing the line.

Power light - located on the bottom of the keyboard. This
key says "POWER" but is only a light to show if the system
is on. It cannot turn on the system. (The ON-OFF system
is on the back left side.)

Zero - located on the top row of the keys is used for the
number zero. Capi tal "0" is the letter "0". (In this manual
zeros do not have slashes through them.)

159



Appendix B

L TURN on the television (or monitor).

2. INSERT A DISKETTE IN THE DISK DRIVE (Exposed oval part
is inserted first with the diskette label up.)

3. Close the door on the disk drive.

4. Ground yourself by touching the metal plate near the on-off switch on the back
left side of the APPLE.

5. Turn on the APPLE.

6. "APPLE II" appears on the screen and the disk drive light turns on. You will hear
a whirling sound from the disk drive. If the disk drive light does not go off in
about 10 seconds, turn the APPLE off and make sure your diskette is placed

.correctly in the disk drive.

7. A State of Minnesota map appears on the screen with the diskette name. Then
a "menu" appears.. The menu gives you a list of programs on the diskette. The
program named DESCRIPTIONS shows you descriptions of the other programs on
the diskette, then returns to the menu. The program END allows you to insert
and use a different diskette. Type the number of the program you want to use.
Press the RETURN key after you type your request.

8. Follow the directions given in the program. Remember to press the RETURN
key after each input. Press the SPACE BAR upon request.

9. If you want to start over before the end of the program or see a new diskette,
do either of the following:

a. Press the RESET key, insert proper diskette and type PR#6.

b. Turn the APPLE off, insert proper diskette, then turn it on again.

TURNING OFF THE COMPUTER

1. Take the diskette out of the disk drive.

2. Turn off the APPLE.

3. Turn off the television (or monitor).

Note: Diskettes are sensitive to dust, heat, cold, and magnetic fields. Handle them
with care.
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Appendix C

BACKGROUND INFORMATION - Information which explains or enriches content or
provides technical information on the program.

COURSEWARE - A collection of computer programs together with accompanying support
materials.

DOCUMENTATION - Written material for the teacher to use with the computer program
(Also called a support booklet).

DRILL AND PRACTICE - A type of computer program which acts as drillmaster by
providing repetitive practice on a skill or set of fact~.

EDUCATIONAL GAME - A type of computer program with an instructional purpose
presented in a game formaL

GRADE LEVEL - The grade level at which the program fits into the curriculum.

HANDOUTS - Pages of the support booklet which are to be duplicated for student or
teacher use.

LESSON PLAN - A day-by-day guide to implement classroom use of the program
including ideas on organization, class projects, and follow-up activities.

-
MODULE - The pa.ckage which contains both the microcomputer programs and the
support booklet.

OBJECTIVES - The results to be achieved by using the program and materials as outlined.

PROBLEM SOLVER - A type of computer program which processes data for a student
defined problem.

PROGRAM - The routines and operations which instruct the computer.

READING LEVEL - The readability of the text that appears on the computer screen.

SAMPLE RUNS - Pages of the support booklet. with examples of computer screen output
and accompanying explanations to outline the flow of the program.

SELO - Some Essential Learner Outcomes prepared by the Minnesota State Department
of Education. When applicable these are included with the objectives in MECC support
booklets.
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SIMULATION - A type of computer program which approximates a real-world
environment for examination.

SUPPORT BOOKLET - Written material which provides the information a teacher may
need to use the program in a classroom situation (also called documentation).

TEACHER AID - A type of computer program to assist a teacher with classroom
management tasks.

TUTORIAL - A type of computer program which provides new information as well as
repetitive drill and practice in teaching a concept.
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Appendix D

MATHEMATICS VOLUME 4

CREDITS

GRAPH
The original program, POLYGRAPH, was authored by Darrell Ricke, MECC.
Modifications were made by Beverly Durkee, Augsburg College.

FUNCTION LIMITS
The program was authored by Beverly Durkee, Augsburg College, with additional
programming by Todd Bailey, MECC.

MATRIX
The program was authored by Beverly Durkee, Augsburg College, with additional
programming by Rick Crist, MECC.

POLYROOT
NEWTON 1
NEWTON 2
INTEGRATION
MULTI-INTEGRALS
LEAST SQUARES
LINE GRAPH
ROW REDUCTION
LINEAR PROGRAM 1
LINEAR PROGRAM 2

These programs were authored by Beverly Durkee, Augsburg College.
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MATHEMATICS VOLUME 4

TECHNICAL INFORMATION

GRAPH
Main Program: GRAPH
Chains to: GRINST

FUNCTION LIMITS
MaIn Program: LIMFCTN
Binary File: TAPA Address: 5480

Length: 10970

POLYROOT
Main Program: POLYRT

NEWTON 1
Main Program: NEWT1
Binary File: TAPA Address: 5480

Length: 10970

NEWTON 2
Main Program: NEWT2
Binary File: TAPA Address: 5480

Length: 10970

INTEGRATION
Main Program: NUMINT
Binary File: TAPA Address: 5480

Length: 10970

MULTI-INTEGRALS
Main Program: MULTINT
Binary File: TAPA Address: 5480

Length: 10970

LEAST SQUARES
Main Program: LSTSQR
Chains to: SCAT

LINE GRAPH
Main Program: LINGRAPH

ROW REDUCTION
Main Program: ROWRED

MATRIX
Main Program: LINEAR
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LINEAR PROGRAM 1
Main Program:

LINEAR PROGRAM 2
Main Program:

LPCODE1

LPCODE2
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PURPOSE: The primary purpose of
(MECC) is to assist users
coordination and of
planning and making, and
and materials.

regulations should
Services Division

rela.ted user
should be
(Telephone:

Computing Consortium
member systems in the

resources through cooperative
current computing methods

computing are the
Services (Telephone:

procedures, or
MECC Instructional

is responsible for the
distribution of MECC

programs, and their
wi thin this a.rea

Development

and operating
(MTS), a 400+ port,

serves all Minnesota public
Microcomputer

group. Questions
Manager, Technical

GENERAL
INFORMA­
TION:

The above information is to wish to contact the MECC
office with specific questions.. All written for informaton should
be addressed to the appropriate at MECC, 2520 BROADWAY DRIVE,
ST. PAUL, MN 55113. THE FOLLOWING TWO ITEMS ADDRESS MANY
ROUTINE QUESTIONS:

No Cost.. Distributed Suggest obtaining on a quarterly
basis.. Contact: MECC PUblication's Office (Telephone: 612/376-1118).

No Cost.. Distributed regularly during school year to individuals on mailing
list" Contact: User Services Office (Telephone:
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Appendix G

EVALUATION SHEET

MECC encourages your com ments on this manual and the accompanying diskette. User
suggestions will be carefully considered and incorporated in future documentation
whenever practical.

COMMENTS ON COMPUTER PROGRAM

Diskette Name
Volume No.

Program Name

COMMENTS ON MANUAL
Title of Manual

Program Name
Page No.

From: Name
Institution

Address

Version

Zip Code---------- ----

Please detach and mail to MECC




